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1
LAUNDRY TREATING APPARATUS HAVING
EXPANSION VALVE WHICH IS VARIABLE
ACCORDING TO THE DRIVING MODE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority under 35 U.S.C. §119 to
Korean Application No. 10-2012-0117475 filed on Oct. 22,
2012, whose entire disclosure is hereby incorporated by ref-
erence.

BACKGROUND

1. Field

This relates to a dryer, and in particular, to a heat pump type
dryer having multiple operation modes and an operation
method thereof.

2. Background

In a laundry treating apparatus having a drying function
such as a washer or dryer, once washing and dehydration are
completed, hot air may be supplied into the drum to evaporate
moisture from the laundry, thereby drying the laundry. Such a
dryer may include a drum rotatably provided within a cabinet,
a drive motor to drive the drum, a blower fan to blow air into
the drum, and a heating device to heat air conveyed into the
drum. The heating device may use, for example, high-tem-
perature electric resistance heat generated using electric
resistance, or combustion heat generated by combusting gas.

Here, the dryer may be classified according to a method for
processing the high temperature and humid air, and thus
divided into a condensation (circulation) type dryer for con-
densing moisture contained in the high temperature and
humid air by cooling the air below the dew point temperature
through a condenser while being circulated without discharg-
ing the high temperature and humid air out of the dryer, and an
exhaustion type dryer for directly discharging the high tem-
perature and humid air having passed through the drum to the
outside.

In case of the condensation type dryer, in order to condense
air discharged from the drum, the process of cooling the air
below the dew point temperature should be carried out to heat
the air through the heating means prior to being supplied to
the drum again. Here, the loss of heat energy contained in the
air is generated while being cooled down during the conden-
sation process, and an additional heater or the like is required
to heat the air to a temperature required for drying.

Even in case of the exhaustion type dryer, it is required to
discharge high temperature and humid air to the outside and
receive outside air at normal temperature, thereby heating the
air up to a required temperature level through the heating
means. In particular, thermal energy transferred by the heat-
ing means is contained in high temperature air being dis-
charged to the outside but it is discharged and wasted to the
outside, thereby reducing the thermal efficiency.

Accordingly, in recent years, clothes treating apparatuses
for collecting energy required to generate hot air and energy
being discharged to the outside without being used have been
introduced to increase energy efficiency, and a clothes treat-
ing apparatus having a heat pump system has been introduced
as an example of the clothes treating apparatus. The heat
pump system may include two heat exchangers, a compressor
and an expansion apparatus, and energy contained in the
discharged hot air is reused in heating up air being supplied to
the drum, thereby increasing energy efficiency.

Specifically, in the heat pump system, an evaporator is
provided at the exhaust side, and a condenser at an inlet side
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of'the drum, and thus thermal energy is transferred to refrig-
erant through the evaporator and then thermal energy con-
tained in the refrigerant is transferred to air brought into the
drum, thereby generating hot air using waste energy. Here, a
heater for reheating air that has been heated up while passing
through the evaporator may be additionally provided therein.

When the dryer is operated according to multiple operation
modes in the heat pump type clothes dryer, a user may selec-
tively enter into a first operation mode (speed mode) or a
second operation mode (eco mode).

Typically, the heater is turned on to enhance the drying
performance in case of the first operation mode, and the
heater is turned off to save energy in case of the second
operation mode.

However, in the multiple operation modes, the same flow
rate of refrigerant is circulated during the refrigerant circula-
tion cycle in both the first operation mode and the eco mode,
thereby causing a problem that a required flow rate of refrig-
erant cannot be controlled.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments will be described in detail with reference
to the following drawings in which like reference numerals
refer to like elements wherein:

FIG.1is aside view of an internal structure of a heat pump
type dryer;

FIG. 2 is a partial detail view of a circulation type heat
pump within the dryer shown in FIG. 1;

FIG. 3 is a schematic diagram of a drying method carried
out by the heat pump shown in FIG. 2;

FIG. 4 is a schematic diagram of a heat pump structure
including an expansion apparatus, in accordance with
embodiments as broadly described herein;

FIG. 5 is a block diagram of a control structure of a dryer,
in accordance with embodiments as broadly described herein;
and

FIG. 6 is a flow chart of a method of operating a heat pump
type dryer, in accordance with embodiments as broadly
described herein.

DETAILED DESCRIPTION

Embodiments described herein and configurations shown
the drawings are exemplary embodiments only, and do not
represent all of the technical concepts as broadly described
herein. Rather, it is understood that there may be various
equivalents and modification examples that may replace them
at the time of application.

Dryers may be classified according to a method for pro-
cessing the high temperature humid air discharged from the
drum as a condensation (circulation) type dryer for condens-
ing moisture contained in the high temperature humid air by
cooling the air below the dew point temperature while it
circulates, without discharging the high temperature humid
air out of the dryer, or an exhaustion type dryer for directly
discharging the high temperature humid air from the drum to
the outside.

In the condensation type dryer, in order to condense air
discharged from the drum, the air may be cooled below the
dew point temperature and then heated by the heating device
prior to being supplied to the drum again. Here, loss of heat
energy contained in the air may be generated while being
cooled down during the condensation process, and an addi-
tional heater or the like may further heat the air to a tempera-
ture required for drying.



US 9,146,056 B2

3

In the exhaustion type dryer, the high temperature humid
air is discharged to the outside and outside air at a normal
(room) temperature is drawn in and heated to a required
temperature level by the heating device. In particular, residual
thermal energy contained in the high temperature air being
discharged to the outside may be wasted, thereby reducing
thermal efficiency.

A laundry treating apparatus for collecting energy to gen-
erate hot air and unused energy being discharged to the out-
side may increase energy efficiency, such as, for example, a
laundry treating apparatus having a heat pump system. The
heat pump system may include two heat exchangers, a com-
pressor and an expansion apparatus, and energy contained in
the discharged hot air may be reused to heat air being supplied
to the drum, thereby increasing energy efficiency.

Specifically, in such a heat pump system, an evaporator
may be provided at the exhaust side of the drum, and a
condenser at an inlet side of the drum, and thus thermal
energy may be transferred to refrigerant through the evapo-
rator and then thermal energy contained in the refrigerant may
be transferred to air conveyed into the drum, thereby gener-
ating hot air using waste energy. A heater for reheating air that
has been heated while passing through the evaporator may
also be provided.

When the dryer is operated in one of the multiple operation
modes provided, a user may selectively enter into, for
example, a first operation mode (speed mode) or a second
operation mode (eco mode). The heater may be turned on to
enhance the drying performance in the first operation mode,
and the heater may be turned off to save energy in the second
operation mode. However, substantially the same flow rate of
refrigerant is circulated during the refrigerant circulation
cycle in both the first (speed) operation mode and the second
(eco) operation mode, and thus a required flow rate of refrig-
erant may not be adequately controlled.

Referring to FIGS. 1 through 3, a dryer may include a
cabinet 100 and a drum 110 rotatably provided within the
cabinet 100. The drum 110 may be rotatably supported by a
supporter, for example, at the front and rear ends thereof. An
intake duct 170 may be provided in the cabinet 100 to draw
outside air into the cabinet 100 and supply the air to the drum
110. The intake duct 170 may extend in the vertical direction
at the rear of the drum 110, and may define an intake flow
path. The air drawn in through the intake duct 170 may be
drawn in from outside of the cabinet 100, separately from the
drying duct 190. A heater 180 for heating the air to an
adequate temperature for drying may be provided within the
intake duct 170. The heater 180 may receive electrical energy
to sufficiently and quickly supply heating to air to be supplied
to the drum 110, and also so that the refrigerant cycle may be
stably managed in a normal state.

In certain embodiments, the drying duct 190 may instead
be formed as a circulation type, with no separate exhaust duct.

In the case of a circulation type drying duct 190 as
described above, heating required for drying may be suffi-
ciently supplied in a relatively short period of time, thereby
reducing drying time. In other words, additional heating may
be supplied in a short period of time when necessary to further
heat air flowing in the circulation flow path.

The air in the drum 110 dries/absorbs moisture from the
laundry and then flows into a front surface duct located at a
lower front side of the drum 110, and is supplied back to the
drum 110 through the drying duct 190 by way of a lint filter,
or is discharged to the outside of the cabinet 100 through an
exhaust duct.
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A blower fan 120 to forcibly blow air to the outside of the
dryer may be provided on the circulation flow path formed by
the drying duct 190.

An evaporator 130 and a condenser 140 may be sequen-
tially provided on a flow path formed by the drying duct 190.
The evaporator 130 and condenser 140, forming a kind ofheat
exchanger, may form a refrigerant cycle of the heat pump,
thereby achieving heat exchange with air (Ad) on the circu-
lation flow path.

The air supplied to the drum 110 may be heated by the
heater 180 on the intake flow path or the condenser 140 on the
circulation flow path to become high-temperature dry air at
about 150-250° C. when supplied back into the drum 110. The
high-temperature air may contact an object to be dried to
evaporate moisture therefrom. The evaporated moisture will
then be contained in intermediate temperature air exhausted
out of the drum 110. The moisture may be removed from this
intermediate temperature humid air so that it may be circu-
lated and re-used. Since the moisture content in the air is
affected by the temperature, the moisture may be removed by
cooling the air. Accordingly, the air on the circulation flow
path may be cooled by heat exchange with the evaporator 130.
In order to supply the air cooled by the evaporator 130 back to
the drum 110 at an appropriate temperature for drying, it may
be heated by high temperature air, carried out by the con-
denser 140.

A refrigerant cycle may perform heat exchange with the
environment using phase change(s) of refrigerant. Briefly
described, refrigerant may be transformed into a low-tem-
perature and low-pressure gas by absorbing heat from the
environment in the evaporator, compressed into a high-tem-
perature and high-pressure gas in the compressor, trans-
formed into a high-temperature and high-pressure liquid by
dissipating heat to the environment in the condenser, trans-
formed into a low-temperature and low-pressure liquid by
dropping its pressure in the expansion apparatus, and brought
into the evaporator again. Due to the circulation of refriger-
ant, heat may be absorbed from the environment in the evapo-
rator and heat may be supplied to the environment in the
condenser. The refrigerant cycle may be also referred to as a
heat pump.

Such a refrigerant cycle may include the compressor 150
and expansion apparatus 160 along with the evaporator 130
and condenser 140.

The flow path of air in heat exchange with the refrigerant
cycle is illustrated in FIGS. 2 and 3. In other words, an arrow
passing through the evaporator and condenser and a line
connecting the evaporator and condenser does not indicate
the flow path of the refrigerant. Rather, these arrows indicate
the flow path of the air in FIGS. 2 and 3, which is sequentially
brought into contact with the evaporator 130 and the like to
perform heat exchange. As shown in FIG. 3, the evaporator
130 and condenser 140 may be sequentially disposed on the
circulation flow path (a large circulation line formed along a
bold arrow in FIG. 3) formed by the drying duct 190.

As illustrated in FIG. 3, the air (Ad) on the circulation flow
path performs heat exchange with the heat pump during the
refrigerant cycle, specifically the air (Ad) on the circulation
flow path dissipates heat in heat exchange with the evaporator
130, and absorbs heat in heat exchange with the condenser
140. As a result, the air on the circulation flow path re-absorbs
heat it has dissipated.

In general, the evaporator 130 and condenser 140 may
mainly be in charge of heat exchange during the refrigerant
cycle, and the air from which heat is taken in the evaporator
130 liquefies moisture contained therein to exhaust it as con-
densation water, so that dry air may be heated by the com-



US 9,146,056 B2

5

pressor 150 and condenser 140 to be changed into high tem-
perature dry air. In this manner, the high-temperature air may
be provided into the drum 110 along with the air from the
intake flow path to perform the drying process. Part of the air
provided to the drum and used in the drying process is
exhausted to the outside of the dryer 100, and part is reused.

In a heat pump type dryer as embodied and broadly
described herein, waste heat may be collected using the
refrigerant cycle, without causing an overload during the
refrigerant cycle. In other words, the heat exchange of refrig-
erant may be carried out by phase change(s) at optimal oper-
ating temperature and pressure, and to this end, a heat
exchanger such as an evaporator and a condenser, a compres-
sor, an expansion apparatus and the like may be used. Accord-
ingly, in order to collect more heat, the size of the heat
exchanger or compressor may be increased. However, due to
limited installation space in the dryer, the size of these com-
ponents may be somewhat limited.

Accordingly, the heater 180 may be provided within the
intake duct 170 to continuously replenish the inhaled air with
heating. According to embodiments as broadly described
herein, heating may be replenished by the heater 180 to suf-
ficiently supply the heating required for drying, thereby
reducing drying time. Furthermore, the heat exchange of
refrigerant may be carried out by phase change(s) at optimal
operating temperature(s) and pressure(s), and to this end,
heating may be sufficiently supplied. Otherwise, it may cause
a problem such as refrigerant being supplied to the compres-
sor in a liquid phase or the like, and thus the cycle cannot be
stably operated, thereby reducing the reliability of the cycle.
Accordingly, as disclosed herein, the air provided to the drum
may be additionally replenished with heating by the heater
180, and thus the refrigerant cycle may be stably operated in
a normal state.

In certain embodiments, the additional blower fan 120 may
be provided on the intake flow path to provide more airflow,
and prevent the heater 180 from overheating, as shown in
FIGS. 2 through 4.

In certain embodiments, part of the air may be exhausted to
the outside of the cabinet 100 upstream of the evaporator 130
on the circulation flow path. Accordingly, as illustrated in
FIG. 1, the laundry treating apparatus may further include an
exhaust duct 15 branched from the drying duct 190, upstream
of the evaporator 130 and may exhaust part of the air to the
outside of the cabinet 100. The exhaust duct 15 may form an
exhaust flow path for discharging hot air coming out of the
drum 110 to the outside.

According to the foregoing configuration, waste heat may
be absorbed from part of the intermediate temperature humid
air coming out of the drum 110 within a range that can be
processed by the refrigerant cycle, and the rest of the air is
exhausted. Accordingly, energy waste may be reduced over-
load during the refrigerant cycle may be avoided. Further-
more, it may be possible to reduce power consumption as well
as enhance reliability.

In certain embodiments, an additional heater 180 may be
provided to enhance drying efficiency, in particular, in an
operation mode for operating the heater to promote fast dry-
ing, and whose operation may be interrupted in an operation
mode for reducing energy consumption.

An increased refrigerant flow rate in the compression cycle
may be needed to maximize heat exchange efficiency when
the heater is operated, but it may be unnecessary to increase
the flow rate of refrigerant when the heater is not operated.

Accordingly, a heat pump dryer is provided having an
expansion valve that may be varied to control a flow rate of
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refrigerant during the refrigerant compression cycle to
accommodate multiple operation modes.

Hereinafter, referring to FIGS. 4 through 6, a dryer and an
operation method thereof for controlling the on/off cycles of
a heater while at the same time controlling the expansion
apparatus of the heat pump according to an operation mode
selected from the multiple operation modes of the dryer to
adjust a flow rate of refrigerant circulated through the expan-
sion flow path of the refrigerant compression cycle will be
described.

As discussed Above, a dryer as embodied and broadly
described herein may include the cabinet 100, the drum 110,
the drying duct 190, the heater 180, the evaporator 130, the
condenser 140, the compressor 150 and the expansion appa-
ratus 160.

As discussed above, a dryer as embodied and broadly
described herein may include the cabinet 100, the drum 110,
the drying duct 190, the heater 180, the evaporator 130, the
condenser 140, the compressor 150, and the expansion appa-
ratus 160. A capillary tube or linear expansion valve (LEV)
may be used for an expansion valve of the heat pump dryer,
which may control a degree of superheat of the refrigerant
compression cycle.

In aheat pump system having, for example, a single opera-
tion mode, a compression cycle may be configured using a
capillary tube to accommodate the single operation mode. A
linear expansion valve (LEV) may be used for an expansion
valve to accommodate multiple operation modes. However,
such a linear expansion valve (LEV) may require additional
operation methods and temperature sensors to control the
pulse of the linear expansion valve (LEV), adding cost and
complexity.

Accordingly, the expansion apparatus 160 as embodied
and broadly described herein may include a first expansion
valve 161 and a second expansion valve 162 having a separate
refrigerant flow path, respectively, on the expansion path of
the refrigerant compression cycle. The expansion apparatus
160 may also include a solenoid valve 163 provided on the
path of one of the first expansion valve 161 or the second
expansion valve 162 to selectively close or open the respec-
tive path, thereby changing a flow rate of refrigerant flowing
through the expansion apparatus 160.

Accordingly, the multiple operation modes may include a
first operation mode (Speed Mode) and a second operation
mode (Eco Mode). In the first operation mode, the heater and
heat pump may be operated at the same time, or the heater is
may be selectively during the operation of the heat pump. In
the second operation mode, only the heat pump may be oper-
ated, or the operation of the heater may be suspended during
the operation of the heat pump to turn off the heater. In the first
operation mode drying may be performed with the heater
turned on when fast drying performance is required, and thus
energy consumption may be relatively large (Speed Mode).
However, in the second operation mode drying may be per-
formed with the heater is turned off, and thus energy may be
saved (Eco Mode).

As illustrated in FIG. 4, the solenoid valve 163 may be
provided on a refrigerant flow path provided with the second
expansion valve 162 to control the refrigerant flow path of the
second expansion valve 162.

In the first operation mode (Speed Mode), the solenoid
valve 163 is turned on to open the refrigerant flow path of the
second expansion valve 162, so that expansion refrigerant
may be circulated through the refrigerant flow path of the first
expansion valve 161 as well as circulated through the refrig-
erant flow path of the second expansion valve 162, thereby
increasing the flow path cross section through the expansion



US 9,146,056 B2

7

apparatus. As aresult, since the cross section of the refrigerant
flow path is increased during the overall expansion cycle,
greater refrigerant flow is provided, and the expansion appa-
ratus 160 may provide a flow rate of refrigerant sufficient for
performing a fast drying function.

On the contrary, in the second operation mode (Eco Mode),
the solenoid valve 163 may be turned off to close the refrig-
erant flow path of the second expansion valve 162. Accord-
ingly, expansion refrigerant is brought into only the refriger-
ant flow path of the first expansion valve 161, thereby
decreasing the overall flow path cross section of the expan-
sion apparatus. In this case, the second operation mode which
is an economic operation mode for reducing energy con-
sumption, may be efficiently carried out.

Referring to FIG. 5, a dryer as embodied and broadly
described herein may further include a multiple operation
mode selection input device 500 configured to allow the user
to selectively input the operation mode of the dryer, a con-
troller 300 configured to control the dryer in response to the
user’s the operation mode selection, and a solenoid valve
on/off switch 800 configured to selectively turn the solenoid
valve on or off in response to the command of the controller
300. The multiple operation mode selection input device 500
may be exposed to the outside of the dryer, and may be, for
example, a button type or touch type to provide for easy
access.

In certain embodiments, the controller 300 may also con-
trol a circulation relationship between the refrigerant com-
pression cycle and dry air in the dryer.

The controller 300 may receive a selected operation mode
from the multiple operation mode selection input device 500,
and may transfer an ON command to the solenoid valve on/off
switch 800 if the first operation mode is selected, and may
transfer an OFF command to the solenoid valve on/off switch
800 if the second operation mode is selected. The solenoid
valve on/off switch 800 may be connected with the solenoid
valve 163 to selectively turn the solenoid valve 163 on or off.
Here, the expansion flow path is opened when the solenoid
valve 163 is turned on, and is closed when the solenoid valve
163 is turned off.

A heater on/off switch 700 may also be provided to selec-
tively turn the heater on or off in response to the command of
the controller 300. Accordingly, the controller 300 may trans-
fer an ON command to the heater on/off switch 700 if the first
operation mode is selected and may transfer an OFF com-
mand to the heater on/off switch 700 if the second operation
mode is selected, thereby controlling the heater 180.

The dryer may further include a display 600 configured to
externally display the selected operation mode from the mul-
tiple operation mode selection input device 500, thereby
enhancing user convenience. The display 600 may be
exposed on, for example, an external upper surface of the
dryer, or other location as appropriate.

Hereinafter, operation of the dryer according to the mul-
tiple operation modes will be described with reference to
FIGS. 3 and 4.

In the first operation mode (Speed Mode), a relatively large
amount of heating is provided to the drum 110 to evaporate
moisture from the wet laundry and dehumidify the evaporated
moisture with the evaporator 130 within a relatively short
period of time. Here, the refrigerant flow rate of the heat pump
may be increased to increase a dehumidification rate, and may
be achieved by increasing the flow path cross section, or flow
area, of the expansion valve, which results in increased refrig-
erant flow.

A plurality of capillary tubes (Capi_1 and Capi_2 illus-
trated in FIG. 4) may be provided as expansion valves 161,
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162 on an expansion flow path branched into a plurality of
paths in the expansion apparatus 160.

As illustrated in FIG. 4, the expansion flow path of the
expansion apparatus 160 may be branched into two paths on
the refrigerant flow path of the refrigerant compression cycle,
and each capillary tube may be provided on a respective
branched expansion flow path.

In certain embodiments, the capillary tube may have a
diameter of about 0.8-2 mm and a different length depending
on the capacity, operating condition and refrigerant charge
amount of the device, but typically a capillary tube with
approximately 1 m, performing the role of an expansion valve
in the equipment may be considered. In particular, such a
capillary tube may be used for a small-sized device such as a
device with a small evaporation load, such as, for example, a
home refrigerator, a window type air conditioner, a refriger-
ated display case or the like.

Accordingly, only an ON signal (solenoid valve open) may
be simply provided to the solenoid valve 163 provided on one
expansion flow path when the user selects the first operation
mode (Speed Mode), thereby securing the required refriger-
ant flow rate.

On the contrary, when the user selects the second operation
mode (Eco Mode), the heater 180 may be turned off, and only
heating dissipated from the condenser 140 during the opera-
tion of the heat pump may be provided for drying. In this case,
only an OFF signal (solenoid valve closed) may be simply
provided to the solenoid valve 163 to block refrigerant circu-
lation through the capillary tube (Capi_2) of the second
expansion valve 162, thereby controlling the refrigerant flow
rate.

Inthe second operation mode (Eco Mode), since dehumidi-
fication on the circulation flow path of the dryer may be
carried out even with a lower refrigerant flow rate compared
to the first operation mode (Speed Mode), a drying operation
can be carried out even with only the use of a single capillary
tube (Capi_1).

As shown in FIG. 6, the on/off of the solenoid valve 163
may be controlled in connection with the control of the heater
180, thereby providing a simple and efficient control method
thereof.

First, an operation mode of the dryer may be selected
through the multiple operation mode selection input device
500 (S10).

Next, the controller 300 selectively turns the heater 180 on
or off according to the selected operation mode (S20, S30)
and then proceeds with the process of selectively turning the
solenoid valve 163 on or off according to the selected opera-
tion mode (S21-S23 and S31-S33).

Accordingly, refrigerant may be circulated through the
paths of the first expansion valve 161 and second expansion
valve 162 at the same time during the refrigerant compression
cycle, or may be circulated only through the path of the first
expansion valve 161 or the path of the second expansion valve
162, depending oon the selected operation mode, thereby
varying a flow rate being circulated through the expansion
apparatus according to the selected operation mode of the
dryer.

In selecting the operation mode of the dryer, either one of
a first operation mode (Speed Mode) or second operation
mode (Eco Mode) may be selected by the user, and the con-
troller 300 may turn the heater 180 on and turn the solenoid
valve 163 on when the selected operation mode is the first
operation mode, and the controller 300 may turn the heater
180 off and turn the solenoid valve 163 off when the selected
operation mode is the second operation mode.
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In addition, refrigerant may be circulated through the paths
of the first expansion valve 161 and second expansion valve
162 at the same time during the refrigerant compression cycle
of'the heat pump when the selected operation mode is the first
operation mode, or circulated only through the first expansion
valve 161 or the second expansion valve 162 when the
selected operation mode is the second operation mode.

In this case, when a relatively large amount of refrigerant is
circulated during the cycle, heat exchange efficiency may be
increased to enhance drying performance in the first opera-
tion mode, and a suitable amount of refrigerant may be cir-
culated during the cycle in the Eco Mode to suitably control
heat exchange efficiency, thereby promoting economical effi-
ciency.

A heat pump dryer is provided, the dryer having an expan-
sion valve that can be changed according to an operation
mode configured to control a flow rate of refrigerant being
circulated in an expansion apparatus in a variable manner
during the refrigerant circulation cycle by branching the path
of the expansion apparatus into a first expansion valve and a
second expansion valve when the dryer is selectively operated
according to multiple operation modes in the clothes dryer
employing a heat pump.

A dryer is provided, the dryer having an expansion valve
that can be changed according to an operation mode in which
the on/off of a heater is selectively controlled according to the
first and the second operation mode of the clothes dryer as
well as a solenoid valve is provided on one of the branched
refrigerant paths in the expansion apparatus, thereby varying
a flow rate being circulated in the expansion apparatus.

disclosure dryer as embodied and broadly described herein
may include a cabinet; a drum rotatably provided within the
cabinet; a drying duct provided in the cabinet to supply dry air
to the drum; a heater configured to heat air supplied to the
drum through the drying duct; an evaporator and a condenser
sequentially provided on a flow path formed by the drying
duct; and a compressor and an expansion apparatus config-
ured to form a refrigerant compression cycle along with the
evaporator and the condenser.

The expansion apparatus may include a first expansion
valve and a second expansion valve having a separate refrig-
erant flow path, respectively, on the expansion path of the
refrigerant compression cycle; and a solenoid valve provided
on one path of the first and the second expansion valve to
selectively close or open the relevant path, thereby varying a
flow rate of refrigerant according to an operation mode char-
acterized in that the solenoid valve is turned on to open both
the first expansion valve and second expansion valve when
the heater is turned on.

The solenoid valve may be provided in a refrigerant flow
path provided with the second expansion valve to control the
refrigerant flow path of the second expansion valve to be
turned on or off.

The solenoid valve may be turned on to open the refrigerant
flow path of the second expansion valve when the heater and
the refrigerant compression cycle are operated at the same
time or the heater is operated during the operation of the
refrigerant compression cycle to turn on the heater, and the
solenoid valve may be turned off to close the refrigerant flow
path of the second expansion valve when only a heat pump is
operated or the operation of the heater is suspended during the
heat pump operation to turn off the heater.

In another embodiment as broadly described herein, the
solenoid valve may be turned on to open the refrigerant flow
path of the second expansion valve when the operation mode
of the dryer is a first operation mode (Speed Mode), and the
solenoid valve may be turned off to close the refrigerant flow
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path of the second expansion valve when the operation mode
of'the dryer is a second operation mode (Eco Mode).

In still another embodiment as broadly described herein, a
dryer may include a multiple operation mode selection input
unit configured to receive the operation mode selection of the
clothes dryer; a controller configured to control the clothes
dryer according to the received operation mode; and a sole-
noid valve on/off switch configured to selectively turn on or
off the solenoid valve according to the command of the con-
troller.

The operation mode of the dryer may include a first opera-
tion mode (Speed Mode) and a second operation mode (Eco
Mode), and the controller may transfer an ON command to
the solenoid valve on/off switch in case of the first operation
mode, and transfer an OFF command to the solenoid valve
on/off switch in case of the second operation mode

The dryer may further include a heater on/off switch con-
figured to selectively turn on or off the heater according to the
command of the controller.

The controller may transfer an ON command to the heater
on/off switch in case of the first operation mode, and transfer
an OFF command to the heater on/off switch in case of the
second operation mode to control the heater according to an
operation mode received from the multiple operation mode
selection input unit.

The dryer may further include a display unit configured to
externally display an operation mode received from the mul-
tiple operation mode selection input unit, thereby promoting
the user’s convenience.

An operation method of a heat pump type dryer according
to another embodiment as broadly described herein may pro-
vide an operation method for a heat pump type dryer includ-
ing a cabinet, a drum, a drying duct, a heat pump, and a heater
in which an expansion apparatus in the heat pump may
include a first expansion valve and a second expansion valve
having a separate refrigerant flow path, respectively, and
includes a solenoid valve provided on one path of the first and
the second expansion valve to selectively close or open the
relevant path.

The dryer operation method may include selecting the
operation mode selection of the dryer through a multiple
operation mode selection input unit; allowing the controller to
selectively turning on or off the heater according to the
received operation mode; and allowing the controller to selec-
tively turning on or off a solenoid valve according to the
received operation mode, thereby controlling the heater while
at the same time controlling the solenoid valve according to
the operation mode.

The dryer operation method may further include allowing
refrigerant to be circulated through the paths of the first
expansion valve and second expansion valve at the same time
during the refrigerant compression cycle or circulated only
through either one of the paths ofthe first expansion valve and
second expansion valve according to the selected operation
mode, thereby varying a flow rate circulated in the expansion
apparatus according to the operation mode of the clothes
dryer

The operation mode of the dryer may include a first opera-
tion mode (Speed Mode) and a second operation mode (Eco
Mode), the controller may turn on the heater and turn on the
solenoid valve when the selected operation mode is a first
operation mode, and the controller may turn off the heater and
turn off the solenoid valve when the selected operation mode
is a second operation mode.

Refrigerant may be circulated through the paths of the first
expansion valve and second expansion valve at the same time
during the refrigerant compression cycle of the heat pump
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when the selected operation mode is a first operation mode,
and refrigerant may be circulated only through either one of
the paths of the first expansion valve and second expansion
valve during the refrigerant compression cycle of the heat
pump when the selected operation mode is a second operation
mode.

According to embodiments as broadly described herein,
when the dryer is selectively operated according to multiple
operation modes in the dryer employing a heat pump, the path
of the expansion apparatus may be branched into a first
expansion valve and a second expansion valve to control a
flow rate of refrigerant being circulated in an expansion appa-
ratus in a variable manner during the refrigerant circulation
cycle, thereby achieving an efficient and economic operation
cycle of the dryer.

The on/off control of a heater may be selectively controlled
according to the first and the second operation mode of the
clothes dryer as well as a solenoid valve may be provided on
one of the branched refrigerant paths in the expansion appa-
ratus to allow the flow rate being circulated in the expansion
apparatus to be varied, thereby effectively controlling the heat
pump and refrigerant cycle with a very simple control struc-
ture.

Any reference in this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that a
particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one
embodiment of the invention. The appearances of such
phrases in various places in the specification are not neces-
sarily all referring to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in
connection with any embodiment, it is submitted that it is
within the purview of one skilled in the art to effect such
feature, structure, or characteristic in connection with other
ones of the embodiments.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A dryer, comprising:

a cabinet;

a drum rotatably provided within the cabinet;

adrying duct provided in the cabinet to supply dry air to the
drum;

an evaporator and a condenser sequentially provided on an
air flow path formed by the drying duct;

a compressor and an expansion apparatus configured to
form a refrigerant compression cycle along with the
evaporator and the condenser;

a heater configured to selectively heat air supplied to the
drum through the drying duct; and

a controller configured to control operation of the dryer,
wherein the expansion apparatus comprises:

a first expansion valve provided on a first refrigerant
flow path;

a second expansion valve provided on a second refrig-
erant flow path; and
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a solenoid valve provided on one of the first refrigerant
flow path or the second refrigerant flow path to selec-
tively close or open the respective refrigerant flow
path, and

wherein the controller is configured to turn the solenoid
valve on to open both the first expansion valve and
second expansion valve when the heater is turned on,
and to turn the solenoid valve off when the heater is
turned off.

2. The dryer of claim 1, wherein the solenoid valve is
provided in the second refrigerant flow path to open and close
the second expansion valve.

3.Thedryer of claim 1, wherein the controller is configured
to turn the solenoid valve on to open the second refrigerant
flow path when the heater and the refrigerant compression
cycle are operated at the same time or the heater is turned on
during the operation of the refrigerant compression cycle, and
to turn the solenoid valve off to close the second refrigerant
flow path when only a heat pump is operated or the heater is
turned off during operation of the refrigerant compression
cycle.

4. The dryer of claim 1, further comprising:

amultiple operation mode selector configured to receive an
operation mode selection from a plurality of operation
modes; and

a solenoid valve on/off switch configured to selectively
turn the solenoid valve on or off in response to the
operation command generated by the controller,

wherein the controller is configured to generated an opera-
tion command in response to the selected operation
mode to control the dryer.

5. The dryer of claim 4, wherein the plurality of operation
modes comprises a first operation mode and a second opera-
tion mode, wherein,

in the first operation mode, the controller is configured to
operate the heater and heat pump at the same time, or to
operate the heater while the heat pump is operated, and

in the second operation mode, the controller is configured
to operate only the heat pump, or to suspend operation of
the heater while the heat pump is operated.

6. The dryer of claim 5, wherein the controller is configured
to transfer an ON command to the solenoid valve on/off
switch in response to selection of the first operation mode,
and to transfer an OFF command to the solenoid valve on/off
switch in response to selection of the second operation mode.

7. The dryer of claim 6, further comprising:

a heater on/off switch configured to selectively turn the
heater on and off in response to the operation command
generated by the controller.

8. The dryer of claim 4, further comprising:

adisplay configured to receive the selected operation mode
from the multiple operation mode selector and to exter-
nally display the selected operation mode.

9. A method of operating a dryer comprising a cabinet, a
drum, a drying duct, a heat pump, a heater and an expansion
apparatus in the heat pump comprising a first expansion valve
and a second expansion valve having separate refrigerant flow
paths and a solenoid valve provided on one of the refrigerant
flow paths of the first and second expansion valves to selec-
tively close or open the respective refrigerant flow path, the
method comprising:

receiving an operation mode selection for operating the
dryer;

controlling the heater and the solenoid valve in response to
the received operation mode selection; and

circulating refrigerant through the respective refrigerant
flow paths of the first expansion valve and second expan-
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sion valve at the same time during a refrigerant compres-
sion cycle, or circulating refrigerant through only one of
the refrigerant flow paths of the first expansion valve or
the second expansion valve, based on the received
operation mode selection.

10. The method of claim 9, wherein controlling the heater
and the solenoid valve in response to the received operation
mode selection comprises:

turning the solenoid valve on to open both the first expan-
sion valve and second expansion valve when the heater
is turned on; and

turning the solenoid valve off to open only one of the first
expansion valve or second expansion valve when the
heater is turned off.

11. The method of claim 9, wherein receiving an operation
mode selection for operating the dryer comprises receiving a
selection of one of a plurality of operation modes, the plural-
ity of operation modes comprising:

a first operation mode in which both the heater and heat
pump are operated at the same time, or in which the
heater is operated during the operation of the heat pump;
and

a second operation mode in which only the heat pump is
operated, or in which the heater is turned off during
operation of the heat pump.

12. The method of claim 11, wherein controlling the heater
and the solenoid valve in response to the received operation
mode selection comprises:

turning the heater on and turning the solenoid valve on in
response to selection of the first operation mode; and

turning the heater off and turning the solenoid valve off in
response to selection of the second operation mode.

13. The method of claim 11, wherein circulating refriger-

ant comprises:

circulating refrigerant through the respective refrigerant
flow paths of the first expansion valve and second expan-
sion valve at the same time during a refrigerant compres-
sion cycle in response to selection of the first operation
mode; and

circulating refrigerant through only one of the refrigerant
flow path of the first expansion valve or the refrigerant
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flow path of the second expansion valve in response to
selection of the second operation mode.

14. A method of operating a dryer having a heat pump and
an auxiliary heater, the method comprising:

receiving a selection of one of a plurality of operation

modes for operating the dryer;

generating an operating command based on the selected

operation mode;

controlling the auxiliary heater in accordance with the

operating command; and

controlling an expansion device of the heat pump in accor-

dance with the operating command, the expansion

device including a solenoid valve and first and second

expansion valves, comprising:

turning the auxiliary heater on, and turning the solenoid
valve on to open the first expansion valve controlling
flow through a first refrigerant flow path, and circu-
lating refrigerant through both a first refrigerant flow
path on which the first expansion device is provided
and the second refrigerant flow path on which the
second expansion valve is provided, in a first opera-
tion mode of the plurality of operation modes; and

turning the auxiliary heater off, and turning the solenoid
valve off to close the second expansion valve, and
circulating refrigerant through only the first refriger-
ant flow path, in a second operation mode of the
plurality of operation modes.

15. The method of claim 14, wherein turning the auxiliary
heater on in the first mode comprises turning the heater on and
operating the heater continuously until completion of a cor-
responding drying cycle.

16. The method of claim 14, wherein turning the auxiliary
heater on in the first operation mode comprises turning the
heater on and operating the heater intermittently to maintain
a predetermined drying temperature until completion of a
corresponding drying cycle.

17. The method of claim 14, wherein turning the heater off
in the second operation mode comprises turning off the heater
at a predetermined point in time after circulating refrigerant
through only the first refrigerant flow path.
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